The structures of xanthoradones A and B, new potentiators of imipenem activity against methicillin-resistant Staphylococcus aureus produced by Penicillium radicum FKI-3765-2, were elucidated by spectroscopic studies, including various NMR experiments. These compounds have an asymmetric biaryl skeleton, which contains dihydronaphthopyranone and naphthoquinone moieties.
INTRODUCTION
Two new compounds, designated xanthoradones A and B (Figure 1 ), were isolated as potentiators of imipenem activity against methicillinresistant Staphylococcus aureus from the culture broth of Penicillium radicum strain FKI-3765-2. 1 The taxonomy of the producing strain, fermentation, isolation and biological properties of the xanthoradones were described in a previous paper. 1 In this study, the physicochemical properties and structure elucidation of xanthoradones are described.
RESULTS

Physico-chemical properties
The physico-chemical properties of xanthoradones A and B are summarized in Table 1 . They had similar UV spectra with absorption maxima at 218 nm, 263-267 nm and 373-375 nm. The IR absorption at 1606-1778 cm À1 and 3403-3407 cm À1 suggested the presence of carbonyl and hydroxyl groups in their structures. These data indicated that they share the same skeleton.
Structure elucidation of xanthoradone A The molecular formula of xanthoradone A was determined to be C 27 H 22 O 9 on the basis of high-resolution electrospray ionization timeof-flight mass spectrum (HRESI-TOF-MS) measurement. The 13 C NMR spectrum (in CDCl 3 ) showed 27 resolved signals, which were classified into two methyl carbons, one methylene carbon, four sp 2 methine carbons, two oxygenated methyl carbons, one oxygenated methine carbon, nine sp 2 quaternary carbons, five oxygenated sp 2 quaternary carbons and three carbonyl carbons by analyzing the DEPT and heteronuclear single quantum coherence (HSQC) spectra. The 1 H NMR spectrum (in CDCl 3 ) displayed 22 proton signals, nine of which were suggested to be three hydroxy protons (d 9.73, 12.5 and 13.9) and two oxygenated methyl protons (d 3.84 and 3.92), as reported for xanthoviridicatin F. 2 These results supported the molecular formula. The connectivity of proton and carbon atoms was established by the 13 C-1 H HSQC spectrum ( Table 2) . Taken together, the structure of xanthoradone B was elucidated as shown in Figure 1 ; the oxygenated methyl group at R1 and the methyl group at R2 in xanthoradone A are reversed in xanthoradone B (Figure 1 ). The structure satisfied the degree of unsaturation and the molecular formula.
DISCUSSION
In this study, xanthoradones A and B were isolated from Penicillium radicum strain FKI-3765-2, and their planar structures were elucidated by NMR studies (Figure 1 ). They were found to have a common asymmetric biaryl skeleton containing a dihydronaphthopyranone and a naphthoquinone. Regarding the stereochemistry of xanthoradones, both xanthoradone A and B have one chiral carbon at C-2 in the structure. The orientation of the methyl group at C-2 of the d-lactone in xanthoradone A was investigated by 1 H-1 H spin decoupling experiments. On irradiation at . Thus, the methyl group at C-2 of the d-lactone in xanthoradone A was determined to be equatorial in orientation as shown in Figure 1 . Similarly, the orientation of the methyl group at C-2 of the d-lactone in xanthoradone B was also deduced, as shown in Figure 1 .
Some structurally related natural products, such as xanthoviridicatin D produced by Penicillium viridicatum 3 and xanthoviridicatins E and F, as HIV-1 integrase inhibitors, produced by Penicillium chrysogenum, 2 have been reported previously (Figure 1) . However, the binding pattern of the two substructures differs between xanthoradones and xanthoviridicatins; C-9 of a dihydronaphthopyranone moiety connects with C-8¢ of the aromatic site of the naphthoquinone moiety in xanthoradones, whereas the former connects with C-2¢ of the quinone site of the naphthoquinone moiety in known xanthoviridicatins.
By comparison with fungal biaryl compounds containing a dihydronaphthopyranone moiety, such as vioxanthin, 4 rubrosulphin, 5 viomellein 5 and luteosporin, 6 the absolute configuration of xanthoradones at C-2 can be deduced to be in 2R configuration. Furthermore, xanthoradones A and B have a chiral axis in the structures. The configuration of the axis might be M by comparing the CD spectra of (P) and (M)-vioxanthins; 4 xanthoradones show a negative cotton effect at 281-289 nm and a positive cotton effect at 266-269 nm similar to (M)-vioxanthin.
METHODS
General experimental procedures
The UV spectra were recorded on a spectrophotometer (8453 UV-Visible spectrophotometer; Agilent Technologies, Santa Clara, CA, USA). IR spectra were recorded on a Fourier transform infrared spectrometer (FT-710; Horiba, Kyoto, Japan). Optical rotations were measured using a digital polarimeter (DIP-1000; JASCO, Tokyo, Japan). ESI-TOF-MS and HRESI-TOF-MS spectra were recorded on a mass spectrometer (JMS-T100LP; JEOL, Tokyo, Japan). Various NMR spectra were measured using a spectrometer (XL-400; Varian, Palo Alto, CA, USA). Xanthoradones: structure elucidation
